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ION DETECTOR That is , in the dual - mode ion detector disclosed in Patent 
Document 1 , a considerable number of dynodes are prepared 

TECHNICAL FIELD in order to secure a sufficient electron multiplication factor 
in counting mode output between an intermediate dynode 

The present invention relates to a multi - mode ion detector 5 for analog mode output and a final - stage dynode . However , 
including an electron multiplication mechanism . as compared with electron collisions in a preceding stage 

portion from an initial - stage dynode to the intermediate 
BACKGROUND dynode , the number of electron collisions in a subsequent 

stage portion from the intermediate dynode to the final - stage Hitherto , in technical fields such as inductively coupled 10 dynode increases conspicuously . Normally , the number of plasma mass spectrometry ( ICP - MS ) , ion detectors have stages of dynodes constituting an electron multiplication been used . Particularly , an ion detector which is applied to mechanism of a dual - mode ion detector is more than two detection of a very small amount of ions includes an electron times ( twenty or more stages ) the number of stages of multiplication mechanism that generates secondary elec trons in response to the incidence of ions in order to detect 15 dynodes applied to a general electron multiplier tube . For 
the detection amount of ions which are charged particles as this reason , a large number of carbon atoms are attached to 
an electrical signal , and cascade - multiplies the generated the dynode surface of the subsequent stage portion in 
secondary electrons up to a detectable level to thereby association with electron collisions ( carbon contamination ) . 
generate an electrical signal corresponding to the amount of From such a structural feature , the decrease rate of the 
ions . Meanwhile , an ICP - MS device is provided with a 20 electron multiplication factor of the subsequent stage portion 
plurality of output ports for extracting secondary electrons becomes faster than the decrease rate of the electron mul 
from any place of an electron multiplication mechanism that tiplication factor of the preceding stage portion ( the effective 
cascade - multiplies secondary electrons in order to realize a operation period of counting mode output becomes shorter 
wide dynamic range exceeding 9 digits in ion detection than the effective operation period of analog mode output ) . 
( multi - mode output ) . The present invention was contrived in order to solve the 
As an example of such a multi - mode ion detector , U.S. above problem , and an object thereof is to provide a multi 

Pat . No. 5,463,219 ( Patent Document 1 ) discloses a dual- mode ion detector provided with a structure for effectively 
mode ion detector in which an electron multiplication suppressing degradation over time in an electron multipli 
mechanism is constituted by dynodes of twenty or more cation mechanism . 
stages , and two output ports are provided at different posi- 30 An ion detector according to the present embodiment is 
tions of the electron multiplication mechanism . provided with a structure capable of a multi - mode operation 
One of the two output ports of the dual - mode ion detector such as analog mode output or counting mode output 

disclosed in Patent Document 1 which extracts an electrical through a plurality of output ports , and with a structure 
signal at a level with a low electron multiplication factor is capable of effectively suppressing degradation over time in 
called an analog port ( hereinafter , this is referred to as an 35 an electron multiplication mechanism . Specifically , the ion 
“ analog mode output terminal ” , and signal output from such detector includes an ion incidence portion , a conversion 
an output terminal is referred to as “ analog mode output ” ) . dynode , a dynode unit , a first electron detection portion , a 
On the other hand , an output port that extracts an electronic second electron detection portion , and a gate part . The ion 
signal after electron multiplication is further performed is incidence portion takes up ions which are charged particles 
called a counting port ( hereinafter , this is referred to as a 40 into the ion detector . The conversion dynode is disposed at 
“ counting mode output terminal ” , and signal output from a position where ions taken up through the ion incidence 
such an output terminal is referred to as “ counting mode portion reach , and emits secondary electrons in response to 
output ” ) . That is , the dual - mode ion detector is an ion incidence of the ions . The dynode unit is constituted by 
detector capable of switching a signal output mode in multiple stages of dynodes disposed along a predetermined 
accordance with the amount of ions to be detected by 45 electron multiplication direction in order to cascade - multi 
alternatively using any of output terminals of two modes ply secondary electrons emitted from the conversion dyn 
having different electron multiplication factors . ode . Meanwhile , an electron multiplication mechanism of 

Specifically , in the dual - mode ion detector disclosed in the ion detector is constituted by at least the conversion 
Patent Document 1 , the analog mode output is signal output dynode and the dynode unit . The first electron detection 
in a case where the amount of ions is large , and some of 50 portion includes a semiconductor detector having an elec 
secondary electrons reaching a dynode located at an inter- tron multiplication function , and the semiconductor detector 
mediate position ( hereinafter , referred to as an “ intermediate is disposed at a position where secondary electrons emitted 
dynode " ) among dynodes having a multistage configuration from a final - stage dynode included in the dynode unit reach . 
are captured by an adjacent anode electrode in order to keep The second electron detection portion includes an electrode 
an electron multiplication factor low . On the other hand , the 55 for capturing some of secondary electrons reaching any 
counting mode output is signal output in a case where the intermediate dynode other than the final - stage dynode 
amount of ions is small , and secondary electrons which are among dynodes constituting the dynode unit . The gate part 
output from a final - stage dynode are captured by an anode includes at least one dynode constituting a portion of the 
electrode in order to secure a sufficient electron multiplica- dynode unit , for example , the final - stage dynode as a gate 
tion factor . 60 electrode . Meanwhile , the gate part controls switching 

between passage and interruption of secondary electrons 
SUMMARY which are directed from the intermediate dynode toward the 

semiconductor detector by changing a set potential of the 
The inventors have examined an ion detector of the gate electrode at any timing . 

related art , particularly , a dual - mode ion detector having an 65 Meanwhile , each embodiment of the present invention 
electron multiplication mechanism in detail , and have found can be more fully understood from the following detailed 
the following problem . description and the accompanying drawings . These 
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examples are given for the purpose of illustration only , and dynodes disposed along a predetermined electron multipli 
are not to be considered as limiting the present invention . cation direction in order to cascade - multiply secondary 

In addition , the further scope of applicability of the electrons emitted from the conversion dynode . Meanwhile , 
present invention will become apparent from the following an electron multiplication mechanism of the ion detector is 
detailed description . However , it should be understood that 5 constituted by at least the conversion dynode and the dynode 
the detailed description and specific examples , while indi- unit . The first electron detection portion includes a semi 
cating preferred embodiments of the invention , are given for conductor detector having an electron multiplication func 
the purpose of illustration only , and that various changes and tion , and the semiconductor detector is disposed at a position 
modifications within the spirit and scope of the invention where secondary electrons emitted from a final - stage dynode 
will be apparent to those skilled in the art from this detailed 10 included in the dynode unit reach . The second electron 
description . detection portion includes an electrode for capturing some of 

secondary electrons reaching any intermediate dynode other 
BRIEF DESCRIPTION OF THE DRAWINGS than the final - stage dynode among dynodes constituting the 

dynode unit . The gate part includes at least one dynode 
FIG . 1 is a cross - sectional view illustrating a representa- 15 constituting a portion of the dynode unit , for example , the 

tive configuration example of main parts of an ion detector final - stage dynode as a gate electrode . Meanwhile , the gate 
according to the present embodiment . part controls switching between passage and interruption of 
FIGS . 2A to 2C are diagrams illustrating a gate function secondary electrons which are directed from the intermedi 

of the ion detector according to the present embodiment . ate dynode toward the semiconductor detector by changing 
FIG . 3 is a graph illustrating a waveform of each counting 20 a set potential of the gate electrode at any timing . 

mode output as the time characteristics of the ion detector As described above , in the present embodiment , the gate 
according to the present embodiment and an ion detector part is provided which includes at least one gate electrode 
according to a comparative example . located on the propagation path of secondary electrons 
FIG . 4 is an assembly process diagram illustrating a which are directed from the intermediate dynode toward the 

representative structure of a base portion in the ion detector 25 semiconductor detector . Secondary electrons which are 
according to the present embodiment . directed toward the semiconductor detector are reliably 
FIG . 5 is an assembly process diagram illustrating a shielded by this gate part . Therefore , in the present embodi 

representative configuration example of the ion detector ment , signal output is reliably obtained from an analog mode 
according to the present embodiment . output terminal , and degradation in the semiconductor 

FIGS . 6A and 6B are a perspective view and a cross- 30 detector is effectively suppressed . 
sectional view illustrating a structure of the ion detector ( 2 ) As an aspect of the present embodiment , the electrode 
obtained through processes shown in FIGS . 4 and 5 . of the second electron detection portion may be disposed 

FIGS . 7A and 7B are a perspective view illustrating adjacent to the intermediate dynode . In addition , as an aspect 
another structure example of the base portion ( particularly , of the present embodiment , it is preferable that the interme 
a first support substrate ) in the ion detector according to the 35 diate dynode has an opening for allowing passage of some 
present embodiment and a cross - sectional view of the ion of secondary electrons reaching the intermediate dynode . On 
detector to which the base portion is applied . the other hand , as an aspect of the present embodiment , the 
FIGS . 8A and 8B are diagrams illustrating examples of electrode of the second electron detection portion may be 

various electrode structures in a second electron detection configured to include the intermediate dynode . 
portion ( analog mode output ) which are capable of being 40 ( 3 ) As an aspect of the present embodiment , it is prefer 
applied to the present embodiment . able that an electron multiplication factor from the conver 
FIGS . 9A and 9B are cross - sectional views illustrating sion dynode to the intermediate dynode is larger than an 

various modification examples of the ion detector according electron multiplication factor from the intermediate dynode 
to the present embodiment . to the final - stage dynode . In addition , as an aspect of the 

45 present embodiment , it is preferable that the number of 
DETAILED DESCRIPTION stages of dynodes disposed on a trajectory of secondary 

electrons which are directed from the conversion dynode 
Description of Embodiment of the Present toward the intermediate dynode is larger than the number of 

Invention stages of dynodes disposed on a trajectory of secondary 
50 electrons which are directed from the intermediate dynode 

First , contents of an embodiment of the present invention toward the final - stage dynode . In the present embodiment , a 
will be individually listed and described . portion of an electron multiplication function in a dynode 

( 1 ) An ion detector according to the present embodiment unit of the related art is realized by an AD 150. Therefore , 
is provided with a structure capable of a multi - mode opera- a preceding stage portion ( analog mode output ) from a 
tion such as analog mode output or counting mode output 55 conversion dynode 120 to an intermediate dynode DY11 and 
through a plurality of output ports , and with a structure a subsequent stage portion ( counting mode output ) from an 
capable of effectively suppressing degradation over time in intermediate dynode DY11 to a final - stage dynode DY15 
an electron multiplication mechanism . Particularly , as an differ from each other in electron multiplication capability . 
aspect of the present embodiment , the ion detector includes In this case , the temporal spread of an output signal caused 
an ion incidence portion , a conversion dynode , a dynode 60 by a variation in a time which will be taken for secondary 
unit , a first electron detection portion , a second electron electrons to arrive at an electrode or an incidence part that 
detection portion , and a gate part . The ion incidence portion captures the secondary electrons is suppressed , and an 
takes up ions which are charged particles into the ion improvement in the time characteristics of an ion detector 
detector . The conversion dynode is disposed at a position becomes conspicuous . 
where ions taken up through the ion incidence portion reach , 65 ( 4 ) As an aspect of the present embodiment , the ion 
and emits secondary electrons in response to incidence of detector may further include a focus electrode disposed on 
the ions . The dynode unit is constituted by multiple stages of a trajectory of secondary electrons which are directed from 
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the final - stage dynode toward the semiconductor detector . DY1 to DY15 which are disposed along a predetermined 
The focus electrode has an opening for allowing passage of electron multiplication direction AX1 . That is , the secondary 
secondary electrons emitted from the final - stage dynode . electrons emitted from the conversion dynode 120 are 

Each aspect listed above in this section [ Description of incident on the first - stage dynode DY1 , and then is cascade 
Embodiment of the Present Invention ] can be applied to all 5 multiplied from the dynode DY1 toward the final - stage 
the remaining aspects or to all combinations of these remain- dynode DY15 . The focus electrode 140 is an electrode for 
ing aspects . guiding secondary electrons emitted from the final - stage 

dynode DY15 to the electron incidence surface 151 of the 
Details of Embodiment of the Present Invention AD 150 , and has an opening 141 for allowing passage of the 

10 secondary electrons . 
Hereinafter , specific examples of an ion detector accord- The anode electrode 170 is disposed adjacent to the 

ing to the present invention will be described in detail with eleventh - stage dynode ( hereinafter , referred to as the “ inter 
reference to the accompanying drawings . Meanwhile , the mediate dynode ” ) DY11 among dynodes constituting the 
present invention is not limited to these examples but is dynode unit 130. In addition , the intermediate dynode DY11 
defined by the appended claims , and is intended to include 15 is provided with a mesh structure 132 for allowing passage 
all changes and modifications within the scope and meaning of some of secondary electrons having reached the interme 
equivalent to the scope of the claims . In addition , in the diate dynode DY11 toward the anode electrode 170. On the 
description of the drawings , the same components are other hand , an electrode group of dynodes subsequent to the 
denoted by the same reference numerals and signs , and may intermediate dynode DY11 , that is , the twelfth - stage dynode 
not be described . 20 DY12 to the final - stage dynode DY15 constitutes a gate 

dynode group 160 that functions as a gate electrode consti 
First Embodiment tuting a portion of the gate part 240 ( see FIG . 2A ) . Mean 

while , the gate part 240 can perform control of switching 
FIG . 1 is a cross - sectional view illustrating a representa- between passage and interruption of secondary electrons 

tive configuration example of main parts in an ion detector 25 which are directed from the intermediate dynode DY11 
100A according to a first embodiment . In addition , FIGS . 2A toward the AD 150 by adjusting the set potential of a gate 
to 2C are diagrams illustrating a gate function of the ion electrode at any timing . The gate part may include at least 
detector 100A according to the first embodiment which is one dynode ( substantially , at least the final - stage dynode 
shown in FIG . 1. Particularly , FIG . 2A shows a configuration DY15 ) as a gate electrode . 
of a bleeder circuit 230 including a gate part 240 , FIG . 2B 30 In the configuration example of FIG . 1 , an electrode unit 
shows a portion shown by a region A in FIG . 2A , particu- 600 ( see FIG . 5 ) is constituted by the conversion dynode 
larly , another structure of an anode electrode 170 , and FIG . 120 , the multiple stages of dynodes DY1 to DY15 consti 
2C is a graph illustrating an example of potential setting of tuting the dynode unit 130 , and the focus electrode 140 
each electrode for realizing a gate function . which are described above . In addition , a gain of approxi 
As shown in FIG . 1 , the ion detector 100A according to 35 mately 1 to 10 % is obtained in a preceding stage portion from 

the first embodiment includes an ion incidence portion 110 , the conversion dynode 120 to the eleventh - stage intermedi 
a conversion dynode 120 , a dynode unit 130 constituted by ate dynode DY11 . The gate dynode group 160 ( the twelfth 
multiple stages of dynodes DY1 to DY15 , a focus electrode stage dynode DY12 to the final - stage dynode DY15 ) 
140 , and an avalanche diode ( hereinafter , referred to as an included in the gate part 240 is a gate electrode for substan 
“ AD ' ) 150 serving as a semiconductor detector included in 40 tially realizing a gate function , and thus its gain may be 
a first electron detection portion . Meanwhile , the AD 150 is approximately 1 to 20. The gain of the AD 150 may be 
a semiconductor device having a function of multiplying approximately 5x109 to 104. In this manner , in the present 
secondary electrons having reached an electron incidence embodiment , since a portion of an electron multiplication 
surface 151. Further , the ion detector 100A includes an function in a dynode unit of the related art is realized by the 
anode electrode 170 constituting a portion of a second 45 AD 150 , the preceding stage portion from the conversion 
electron detection portion 700 ( see FIG . 5 ) . Electrons on dynode 120 to the intermediate dynode DY11 and the 
which electron multiplication is performed by the AD 150 subsequent stage portion ( gate dynode group 160 ) from the 
are output from the AD 150 of the first electron detection twelfth - stage dynode DY12 to the final - stage dynode DY15 
portion , as an electrical signal , through a coupling capacitor differ from each other in electron multiplication capability . 
( counting mode output ) . In addition , secondary electrons 50 Specifically , the electron multiplication factor of the preced 
captured by the anode electrode 170 are output from the ing stage portion including the conversion dynode 120 
anode electrode 170 of the second electron detection portion becomes larger than the electron multiplication factor ( elec 
700 , as an electrical signal , through the coupling capacitor tron multiplication factor of the gate dynode group 160 ) of 
analog mode output ) . the subsequent stage portion . In other words , the number of 
The ion incidence portion 110 includes an incidence port 55 stages of the dynodes of the preceding stage portion includ 

110A for taking up ions which are charged particles into the ing the conversion dynode 120 becomes larger than the 
ion detector 100A and an emission port 110B for guiding the number of stages of the dynodes of the subsequent stage 
taken - up ions to the conversion dynode 120. The relative portion . 
position between the incidence port 110A and the emission The final - stage dynode DY15 is provided with a wall 
port 110B is adjusted , so that the trajectory of ions which are 60 portion 131A , and this wall portion 131A functions to 
directed toward the conversion dynode 120 is controlled ( ion correct the trajectory of secondary electrons emitted from 
trajectory control function of the ion incidence portion 110 ) . the final - stage dynode DY15 in a direction intersecting the 
The conversion dynode 120 is an electrode that functions to electron multiplication direction AX1 . In the configuration 
emit secondary electrons into the ion detector 100A in example of FIG . 1 , in consideration of a reduction in the size 
response to the incidence of ions having had the trajectory 65 of the ion detector 100A , the wall portion 131A extends 
thereof controlled by the ion incidence portion 110. The along a direction orthogonal to the electron multiplication 
dynode unit 130 is constituted by multiple stages of dynodes direction AX1 . The focus electrode 140 is disposed so that 
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a normal line AX2 that passes through the center of the In the ion detector according to the comparative example , 
opening 141 is orthogonal to the electron multiplication the set potential of each electrode for obtaining the counting 
direction AX1 . In addition , the AD 150 is also disposed so mode output follows the description of Patent Document 1 
that a normal line AX3 that passes through the center of the stated above . On the other hand , in the ion detector 100A 
electron incidence surface 151 is orthogonal to the electron 5 according to the present embodiment , the set potential of 
multiplication direction AX1 . In addition , in order to more each electrode for obtaining the counting mode output falls 
accurately control the trajectory of the secondary electrons , within a range described later . In the comparative example , 
the focus electrode 140 and the AD 150 are disposed so that secondary electrons multiplied in the preceding stage por 
the normal lines AX2 and AX3 deviate from each other tion of an electron multiplication mechanism are used as the 
along the electron multiplication direction AX1 . 10 analog mode output , and secondary electrons multiplied in 

Each of the potentials of the conversion dynode 120 and both the preceding stage portion and the subsequent stage 
the dynodes DY1 to DY15 constituting the dynode unit 130 portion continuous therewith are used as the counting mode 
is set by , for example , the bleeder circuit 230 shown in FIG . output . On the other hand , in the ion detector 100A accord 
2A . That is , the conversion dynode 120 side is set to have a ing to the present embodiment , the structure of the preceding 
potential of V1 ( GND ) , and the final - stage dynode DY15 15 stage portion of the electron multiplication mechanism for 
side is set to have a potential of V2 ( > GND ) . The dynodes obtaining the analog mode output is similar to that of the 
DY1 to DY14 are set to have predetermined potentials using comparative example , but a portion equivalent to the sub 
a voltage drop of each resistor which is connected directly . sequent stage portion ( electron multiplication function of 
Meanwhile , the potential settings of the dynodes DY12 to the comparative example is taken charge of by the AD 150 
DY15 constituting the gate dynode group 160 are performed 20 with the exception of some dynodes functioning as a gate 
by the gate part 240. In the example of FIG . 2A , the potential electrode . In this manner , it can be understood from FIG . 3 
of the twelfth - stage dynode DY12 is set to V3 ( < V2 ) . The that a structural difference in particularly the subsequent 
gate part 240 has a switch SW so that the potential of the stage portion of the electron multiplication mechanism for 
final - stage dynode DY15 switches between a potential V2 obtaining the counting mode output is a difference between 
and a potential V3 ( mode switching ) . Here , since the poten- 25 the shapes of the graph G310 and the graph G320 . 
tial of the eleventh - stage intermediate dynode DY11 is lower That is , in FIG . 3 , the full width at half maximum of the 
than the potential V3 of the twelfth - stage dynode DY12 , the graph G320 indicating the time characteristics of the com 
potential of the anode electrode 170 may be higher than V3 . parative example is 8 ns , whereas the full width at half 
As an example , in a case where the twelfth - stage dynode maximum of the graph G310 indicating the time character 
DY12 is grounded ( GND ) , the potential of the anode elec- 30 istics of the present embodiment is 5 ns . In this manner , 
trode 170 is set to a positive potential ( > GND ) . according to the present embodiment in which the AD 150 

In the case of counting mode output , the potential of each takes charge of a portion ( subsequent stage portion except 
electrode from the conversion dynode 120 to the final - stage dynodes functioning as a gate electrode ) of the electron 
dynode DY15 is set as shown in a graph G210 of FIG . 2C . multiplication function of the electron multiplication mecha 
Meanwhile , the potential of the focus electrode 140 is set by 35 nism for obtaining the counting mode output , the temporal 
a power supply separate from that of the bleeder circuit 230 spread of an output signal caused by a variation in a time 
shown in FIG . 2A . On the other hand , in a case where mode which will be taken for secondary electrons to arrive at an 
switching performed from the counting mode output to the electrode or an incidence part that captures the secondary 
analog mode output is performed by the switch SW , the electrons is suppressed , and an improvement in the time 
potentials of the dynodes DY12 to DY15 constituting the 40 characteristics of an ion detector becomes conspicuous . 
gate dynode group 160 are all set to V3 ( graph G211A of Next , an assembly process of the ion detector 100A 
FIG . 2C ) . Since the potential of the anode electrode 170 is according to the first embodiment will be described with 
set to be higher than V3 , a function of shielding secondary reference to FIGS . 4 and 5. Meanwhile , FIG . 4 is an 
electrons by the gate part 240 is realized . Meanwhile , the assembly process diagram illustrating a representative struc 
graph G211A of FIG . 2C shows a case where the dynodes 45 ture of a base portion 500A in the ion detector 100A 
DY12 to DY15 are set to have a common potential of V3 , according to the first embodiment . In addition , FIG . 5 is an 
but the twelfth dynode DY12 is set to have a potential of V3 assembly process diagram illustrating a representative con 
( GND ) , and the final - stage dynode DY15 is set to have a figuration example of the ion detector 100A according to the 
potential of V3 ( < GND ) , so that a potential gradient such as first embodiment . 
a graph G211B may be formed . In any case , in the present 50 As shown in FIG . 4 , the base portion 500A includes a first 
embodiment , the gate part 240 that realizes such shielding of support substrate 510A and a second support substrate 510B 
secondary electrons is included , whereby reliable signal which are fixed to each other with the substrates electrically 
output from an analog mode output terminal is obtained , and insulated from each other . The first support substrate 510A 
the degradation of the AD 150 is effectively suppres has the electrode unit 600 ( see FIG . 5 ) mounted thereon 
FIG . 3 is a graph illustrating a waveform of each counting 55 which mainly includes the conversion dynode 120 , the 

mode output as the time characteristics of the ion detector dynode unit 130 , and the focus electrode 140. On the other 
according to the present embodiment and an ion detector hand , the second support substrate 510B has the AD 150 
according to a comparative example . In FIG . 3 , the hori- mounted thereon . 
zontal axis represents a time ( ns ) , and the vertical axis The first support substrate 510A has a shape of which the 
represents an output voltage ( a.u. ) . In addition , a graph G310 60 rear portion is upright , and is provided with an opening 513 
shows a waveform of counting mode output of the ion at a position confronting the second support substrate 510B . 
detector 100A according to the present embodiment , and a The front portion of the first support substrate 510A is 
graph G320 shows a waveform of counting mode output of provided with a support portion 511 for supporting the ion 
an ion detector ( Patent Document 1 stated above ) according incidence portion 110 mounted on the electrode unit 600 , 
to a comparative example . Meanwhile , the graph G310 and 65 and is provided with a positioning slit 512A for defining the 
the graph G320 are graphs which are normalized peak mounted position of the electrode unit 600. On the other 
values are identical with each other . hand , the rear portion of the first support substrate 510A is 
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also provided with a positioning hole 512B for defining the conversion dynode 120 is attached to the insulating support 
mounted position of the electrode unit 600. Further , fixing substrate 610A side , and a gate supply pin 660B that 
holes 514 for defining the fixed position of the second supplies a potential V2 to the final - stage dynode DY15 is 
support substrate 510B are formed in the periphery of the attached to the insulating support substrate 610B side . 
opening 513 . The intermediate dynode DY11 in which the mesh struc 

The upper surface ( surface confronting the focus elec- ture 132 is formed among the dynodes DY1 to DY15 
trode 140 held by the electrode unit 600 ) of the second constituting the dynode unit 130 has a structure shown in 
support substrate 510B has the AD 150 mounted thereon , FIG . 8A . That is , the intermediate dynode DY11 is consti 
and has an electrode pad for voltage application formed tuted by a dynode body DY1la provided with an opening 
thereon so as to surround the AD 150. One end of a coupling 10 620 for allowing passage of secondary electrons that reach 
capacitor 525 is connected to the rear surface of a second the intermediate dynode , and a mesh structure DY11b in 
support substrate 520B , whereas the other end of the cou- which a mesh portion 631 is formed . The mesh structure 
pling capacitor 525 is inserted into a counting mode output DY11b is fixed directly to the dynode body DY1la in a state 
terminal ( counting port ) 521. In addition , fixing holes 515 where the opening 620 and the mesh portion 631 are 
provided corresponding to the fixing holes 514 are formed in 15 coincident with each other . 
the vicinity of the second support substrate 520B . In a state The ion incidence portion 110 out of components grasped 
where the positions of the fixing holes 515 and the positions by the pair of insulating support substrates 610A and 610B 
of the fixing hole 514 are made coincident with each other , is provided with a fixed piece fitted to the positioning notch 
the second support substrate 510B is placed on the first 611C and fixed pieces 111 inserted into the positioning holes 
support substrate 510A with insulating spacers 530 inter- 20 612A of the insulating support substrates 610A and 610B , on 
posed therebetween . In this state , bolts 520 are inserted from the front surface where the incidence port 110A is provided . 
the upper surface side of the second support substrate 510B The conversion dynode 120 and the dynodes DY1 to DY15 
so as to pass through the fixing holes 515 , the insulating are also provided with fixed pieces inserted into the posi 
spacers 530 , and the fixing holes 514. Nuts 540 are attached tioning holes 612B . The focus electrode 140 is provided 
to the tips of the bolts 520 protruding from the rear surface 25 with a fixed piece 142 inserted into the positioning hole 613 . 
side of the first support substrate 510A , so that the relative The second electron detection portion 700 includes a hous 
position between the first support substrate 510A and the ing which is set to have a GND potential , an analog mode 
second support substrate 510B is fixed . output terminal ( analog port ) 710 , a hermetic seal ( insulating 
As described above , since the first support substrate 510A member ) 720 , and the anode electrode 170. The analog 

and the second support substrate 510B are electrically 30 mode output terminal 710 and the hermetic seal 720 are 
insulated from each other with the insulating spacers 530 fixed to the upper portion of the housing . Meanwhile , the 
interposed therebetween , it is possible to effectively sup- hermetic seal 720 is an insulating member for insulating the 
press the generation of creeping discharge . In addition , the anode electrode 170 from the GND potential . The side of the 
second support substrate 510B is fixed to the first support housing of the second electron detection portion 700 is 
substrate 510A in a state of being capable of being physi- 35 provided with fixed pieces 730 which are inserted into the 
cally separated from each other . Therefore , in a case where positioning slits 612C provided to the pair of insulating 
the AD 150 is required to be replaced due to the attachment support substrates 610A and 610B . Finally , the relative 
of carbon onto the electron incidence surface 151 , the position between the pair of insulating support substrates 
replacement of the AD 150 is facilitated . 610A and 610B is fixed by bolts , so that these components 

Further , as shown in FIG . 5 , the electrode unit 600 40 are grasped by the pair of insulating support substrates 610A 
includes the ion incidence portion 110 , the conversion and 610B . 
dynode 120 , the dynodes DY1 to DY15 constituting the Meanwhile , as shown in FIG . 5 , a metal plate 640 
dynode unit 130 , the focus electrode 140 , and a pair of functioning as the bleeder circuit 230 is attached to the 
insulating support substrates 610A and 610B for integrally external side of the insulating support substrate 610A , and 
grasping the second electron detection portion 700 including 45 the twelfth - stage dynode DY12 and the first support sub 
the anode electrode 170 . strate 510A ( which is set to have the GND potential ) are 

The rear portion of the insulating support substrate 610A electrically connected to each other through a GND wire 
out of the pair of insulating support substrates 610A and 650 . 
610B is provided with a fixed piece 611B which is inserted The electrode unit 600 obtained through the above assem 
into the positioning hole 512B provided in the rear portion 50 bly processes is attached to the base portion 500A , and thus 
of the first support substrate 510A . In addition , the front the ion detector 100A as shown in FIG . 6A is obtained . 
portion thereof is provided with a fixed piece 611A which is Meanwhile , FIG . 6A is a perspective view illustrating a 
inserted into the positioning slit 512A provided to the rear structure of the ion detector 100A obtained through the 
portion of the first support substrate 510A and a positioning processes shown in FIGS . 4 and 5. In addition , FIG . 6B is 
notch 611C for fixing the ion incidence portion 110 to a 55 a cross - sectional view of the ion detector 100A taken along 
predetermined position . Further , the insulating support sub- line I - I of FIG . 6A . Meanwhile , the cross - sectional view 
strate 610A is provided with positioning holes 612A for shown in FIG . 1 is also equivalent to the cross - sectional 
fixing the ion incidence portion 110 to a predetermined view taken along line I - I of FIG . 6A . In addition , a wire 
position , positioning holes 612B for fixing the conversion 670A shown in FIG . 6A is a bias line of the AD 150 , and a 
dynode 120 and each of the dynodes DY1 to DY15 to 60 wire 670B is a supply line for setting a predetermined 
predetermined positions , positioning slits 612C for fixing potential to the focus electrode 140 . 
the second electron detection portion 700 to a predetermined As an example , when mention is made of the set potential 
position , and a positioning hole 613 for fixing the focus of each part in the ion detector 100A according to the first 
electrode 140 to a predetermined position . Meanwhile , the embodiment , the potentials of the ion incidence portion 110 
insulating support substrate 610B also has the same structure 65 and the housing portion of the second electron detection 
as that of the insulating support substrate 610A . In addition , portion 700 are set to GND . The potential of the conversion 
a dynode supply pin 660A that supplies a potential V1 to the dynode 120 which is set by the dynode supply pin 660A is 
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a negative potential of 0 V to -3,000 V. The potential of the anode electrode 170 is constituted by the dynode body 
twelfth - stage dynode DY12 is set to GND . The potential of DY11a and the mesh structure DY11b which are in contact 
the final - stage dynode DY15 which is set by the gate supply with each other ( the dynode body DY1la and the mesh 
pin 660B is +300 V to +600 V in the case of the counting structure DY1lb are set to have the same potential ) . The 
mode output . The potential of the focus electrode 140 is 5 dynode body DY1la is provided with the opening 620 for 
+600 V to +1,000 V. The bias voltage of the AD 150 is allowing passage of secondary electrons having reached the 
+3,500 V. intermediate dynode . The mesh structure DY11b is provided 

with the mesh portion 631 , and the mesh structure 132 of the 
Second Embodiment intermediate dynode DY11 shown in FIG . 1 or the like is 

10 constituted by the opening 620 and the mesh portion 631 . 
FIG . 7A is a perspective view illustrating another struc- In the electrode structure shown in FIG . 8A , the mesh 

ture example of a base portion 500B ( particularly , first opening ratio of the intermediate dynode DY11 is set to 
support substrate ) in an ion detector 100B according to a approximately 70 % ( 0.7 ) . Meanwhile , the mesh opening 
second embodiment , and FIG . 7B is a cross - sectional view ratio is given by a ratio of the total area of a mesh opening 
of the ion detector 100B to which the base portion 500B is 15 in the mesh structure DY11b to the opening area of the 
applied . The structure of the ion detector 100B according to opening 620 provided in the dynode body DY11a . 
the second embodiment is that in the first embodiment with In the electrode structure shown in FIG . 8B , the anode 
the exception of the base portion 500B shown in FIG . 7A . electrode 170 is in direct contact with the intermediate 
Therefore , in the ion detector 100B , a wall portion 131B of dynode DY11 ( the intermediate dynode DY11 is included in 
the final - stage dynode DY15 also has a shape extending 20 the anode electrode 170 ) . Therefore , in the electrode struc 
along a direction orthogonal to the electron multiplication ture of FIG . 8B , the mesh structure 132 ( see FIG . 1 or the 
direction AX1 . like ) is not required for the intermediate dynode DY11 . 
As shown in FIG . 7A , similarly to the first embodiment , However , in the case of the electrode structure of FIG . 8B , 

the base portion 500B of the ion detector 100B is constituted regarding the structure of the bleeder circuit 230 shown in 
by the first support substrate 510A and the second support 25 FIG . 2A , the structure within the region A is replaced with 
substrate 510B which are fixed to each other in a state of a structure shown in FIG . 2B . That is , in a case where the 
being electrically insulated from each other . However , in the electrode structure of FIG . 8B is applied to the ion detectors 
second embodiment , the first support substrate 510A is 100A and 100B according to the first and second embodi 
provided with a front fixing spring 550A and a rear fixing ments described above , in the gate part 240 , replacement 
spring 550B on the front portion and the rear portion . On the 30 with the twelfth - stage dynode DY12 is performed as shown 
other hand , as shown in FIG . 7B , the electrode unit 600 in FIGS . 2A and 2B , and a position which is set to V3 is 
mounted on the base portion 500B is provided with a front changed with a wire 231 interposed therebetween . However , 
fixing pole 560A which is brought into contact with the front the intermediate dynode DY11 is included in the anode 
fixing spring 550A and a rear fixing pole 560B which is electrode 170 , and thus is electrically isolated from the 
brought into contact with the rear fixing spring 550B . 35 bleeder circuit 230 . 
Meanwhile , similarly to the first embodiment , the electrode Even in a case where the electrode structure of FIG . 8B 
unit 600 in the second embodiment also has a structure in is adopted , in the counting mode output , the potential of each 
which the ion incidence portion 110 , the conversion dynode electrode from the conversion dynode 120 to the final - stage 
120 , the dynode unit 130 , the focus electrode 140 , and the dynode DY15 is set by a graph parallel to the graph G210 
second electron detection portion 700 are grasped by the pair 40 of FIG . 2C . In this case , the potential of the focus electrode 
of insulating support substrates 610A and 610B . 140 is set by a power supply separate from that of the bleeder 

In a case where the electrode unit 600 is mounted on the circuit 230 shown in FIG . 2A . On the other hand , in 
base portion 500B having the structure as described above where mode switching from the counting mode output to the 
( that is , in a case where the electrode unit 600 is installed on analog mode output is performed by the switch SW , the 
the base portion 500B ) , the front fixing pole 560A and the 45 potentials of the dynodes DY12 to DY15 constituting the 
rear fixing pole 560B of the electrode unit 600 are pressed gate dynode group 160 are all set to V3 or a negative 
by the base portion 500B due to the elastic forces of the front potential lower than V3 . Meanwhile , the set potentials of the 
fixing spring 550A and the rear fixing spring 550B of the dynodes DY12 to DY15 are not required to be identical with 
base portion 500B . Thereby , the electrode unit 600 is stably each other . As shown in graph G211B of FIG . 2C , a portion 
fixed to the base portion 500B . 50 connected to the wire 231 ( the intermediate dynode DY11 is 
Next , electrode structures of the second electron detection electrically isolated from the bleeder circuit 230 ) which is 

portion 700 ( analog mode output ) capable of being applied located between the tenth - stage dynode DY10 and the 
of the ion detectors 100A and 100B according to the twelfth - stage dynode DY12 is set to have a potential V3 

first and second embodiments will be described in detail ( GND ) , and the final - stage dynode DY15 is set to have a 
with reference to FIGS . 8A and 8B . Meanwhile , FIGS . 8A 55 potential V3 ( < GND ) , so that a potential gradient s shown in 
and 8B are diagrams illustrating examples of various elec- the graph G211B of FIG . 2C may be formed . In addition , 
trode structures of the second electron detection portion 700 since the potential of the anode electrode 170 including the 
which are capable of being applied to the present embodi- intermediate dynode DY11 is a positive potential , a function 
ment ( first to fourth embodiments ) . of shielding secondary electrons by the gate part 240 is 
As shown in FIG . 8A , in the ion detectors 100A and 100B 60 realized . 

according to the first and second embodiments , the anode 
electrode 170 of the second electron detection portion 700 is Third and Fourth Embodiments 
configured such that one end thereof is connected to the 
analog mode output terminal ( analog port ) 710 , and that the FIGS . 9A and 9B are cross - sectional views illustrating 
other end thereof is connected to the hermetic seal ( insulat- 65 various modification examples of ion detectors according to 
ing member ) 720 for insulating the anode electrode 170 the present embodiments . Meanwhile , similarly to FIG . 1 , 
from GND . The intermediate dynode DY11 adjacent to this both FIGS . 9A and 9B show main parts of the ion detectors 

case 

to any 
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according to the present embodiments . In addition , the electron multiplication function , so that degradation over 
cross - sectional views shown in FIGS . 9A and 9B are equiva- time in the electron multiplication mechanism is effectively 
lent to a cross - sectional view taken along line I - I of FIG . 6A . suppressed . Particularly , in a multi - mode ion detector , deg 
That is , any of ion detectors 100C and 100D according to the radation ( degradation over time ) in an electron multiplica 
third and fourth embodiments includes the same structure as 5 tion factor in a portion of the electron multiplication mecha 
that of the ion detector 100A according to the first embodi- nism which is contributes to the counting mode output is 
ment , with the exception of the structures of wall portions improved . 
131C and 131D of the final - stage dynode DY15 , the instal- From the present invention thus described , it will be 
lation position of the focus electrode 140 , and the installa- obvious that the embodiments of the present invention may 
tion position of the AD 150 . 10 be varied in many ways . Such variations are not to be 

In the ion detector 100C according to the third embodi- regarded as a departure from the spirit and scope of the 
ment shown in FIG . 9A , the final - stage dynode DY15 has present invention , and all such modifications as would be 
the wall portion 131C extending along a direction intersect- obvious to those skilled in the art are intended for inclusion 
ing the electron multiplication direction AX1 at an acute within the scope of the following claims . 
angle . That is , in the configuration example of FIG . 9A , the 15 What is claimed is : 
trajectory of secondary electrons emitted from the final- 1. An ion detector comprising : 
stage dynode DY15 is corrected by the wall portion 131C an ion incidence portion ; 
provided in the final - stage dynode DY15 so that the sec- a conversion dynode disposed at a position where ions 
ondary electrons travel along a direction intersecting the taken up through the ion incidence portion reach , the 
electron multiplication direction AX1 at an acute angle . The 20 conversion dynode emitting secondary electrons in 
focus electrode 140 is also disposed so that the normal line response to incidence of the ions ; 
AX2 that passes through the center of the opening 141 a dynode unit for cascade - multiplying secondary elec 
intersects the electron multiplication direction AX1 at an trons emitted from the conversion dynode , the dynode 
acute angle . Similarly , the AD 150 is also disposed so that unit being constituted by multiple stages of dynodes 
the normal line AX3 that passes through the center of the 25 from a first - stage dynode to a final - stage dynode dis 
electron incidence surface 151 intersects the electron mul posed along a predetermined electron multiplication 
tiplication direction AX1 at an acute angle . In addition , in direction ; 
order to more accurately control the trajectory of the sec- a first electron detection portion disposed at a position 
ondary electrons , the focus electrode 140 and the AD 150 are where secondary electrons emitted from the final - stage 
disposed so that the normal lines AX2 and AX3 deviate from 30 dynode reach , the first electron detection portion 
each other . including a semiconductor detector that has an electron 
As described above , since the wall portion 131C provided multiplication function ; 

in the final - stage dynode DY15 controls the trajectory of the a second electron detection portion that includes an elec 
secondary electrons emitted from the final - stage dynode trode for capturing some of secondary electrons reach 
DY15 , it is possible to arbitrarily set the installation posi- 35 ing any intermediate dynode located between the first 
tions of the focus electrode 140 and the AD 150 with respect stage dynode and the final - stage dynode ; and 
to the dynode unit 130 . a gate part constituted by a plurality of dynodes including 
On the other hand , in the ion detector 100D according to the final - stage dynode , the plurality of dynodes being 

the fourth embodiment shown in FIG . 9B , the final - stage located downstream of the intermediate dynode and 
dynode DY15 also has the wall portion 131D , but this wall 40 arranged along a direction from the first - stage dynode 
portion 131D does not have a function of substantially toward the final - stage dynode , the gate part controlling 
deflecting the trajectory of the secondary electrons emitted switching between passage and interruption of second 
from final - stage dynode DY15 . That is , in the fourth ary electrons which are directed from the intermediate 
embodiment , the wall portion 131D provided in the final- dynode toward the semiconductor detector by adjusting 
stage dynode DY15 is substantially required , but a problem 45 set potentials of the plurality of dynodes , 
pertaining to practical use does not occur insofar as the wall wherein during the interruption of secondary electrons , 
portion is of such a length as not to be influenced by the the gate part adjusts the set potentials of the plurality of 
trajectory of the secondary electrons emitted from the final- dynodes so that all of the plurality of dynodes are set at 
stage dynode DY15 . Therefore , the focus electrode 140 and a common potential . 
the AD 150 in the fourth embodiment are disposed along the 50 2. The ion detector according to claim 1 , 
electron multiplication direction AX1 . wherein the electrode of the second electron detection 

Specifically , in the fourth embodiment , the focus elec portion is disposed adjacent to the intermediate dynode . 
trode 140 is disposed so that the normal line AX2 that passes 3. The ion detector according to claim 2 , 
through the center of the opening 141 is parallel to the wherein the intermediate dynode has an opening for 
electron multiplication direction AX1 . Similarly , the AD 150 55 allowing passage of some of secondary electrons reach 
is also disposed so that the normal line AX3 that passes ing the intermediate dynode . 
through the center of the electron incidence surface 151 is 4. The ion detector according to claim 1 , 
parallel to the electron multiplication direction AX1 . In wherein the electrode of the second electron detection 
addition , in order to stabilize the trajectory of the secondary portion includes the intermediate dynode . 
electrons which are directed from the final - stage dynode 60 5. The ion detector according to claim 1 , 
DY15 toward the electron incidence surface 151 of the AD wherein an electron multiplication factor from the con 
150 , the focus electrode 140 and the AD 150 are disposed so version dynode to the intermediate dynode is larger 
that the normal lines AX2 and AX3 deviate from each other . than an electron multiplication factor from the inter 
As described above , according to the present invention , at mediate dynode to the final - stage dynode . 

least a portion of the subsequent stage portion of the electron 65 6. The ion detector according to claim 1 , 
multiplication mechanism constituted by multiple stages of wherein the number of stages of dynodes disposed on a 
dynodes is replaced with a semiconductor detector having an trajectory of secondary electrons which are directed 
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from the conversion dynode toward the intermediate 
dynode is larger than the number of stages of dynodes 
disposed on a trajectory of secondary electrons which 
are directed from the intermediate dynode toward the 
final - stage dynode . 

7. The ion detector according to claim 1 , further com 
prising a focus electrode disposed on a trajectory of sec 
ondary electrons which are directed from the final - stage 
dynode toward the semiconductor detector , the focus elec 
trode having an opening for allowing passage of secondary 10 
electrons emitted from the final - stage dynode . 

8. The ion detector according to claim 1 , wherein the 
common potential is a ground potential . 


